Background/Purpose: Osteoporosis health beliefs and osteoporosis self-efficacy scales are commonly used in determining educational needs towards osteoporosis prevention but lack vitamin D content. This study examined the validity and reliability of Osteoporosis Health Belief Scale (OHBS) and Osteoporosis Self Efficacy Scale (OSES) modified scales which included vitamin D content in order to be used in studies to increase vitamin D and calcium intakes for prevention of osteoporosis. Methods: Participants were a convenience sample of 153 college-aged adults at a Midwestern university. Factor analysis, Cronbach α, and Intra-class correlation coefficients determined validity, internal consistency, and test-retest reliability of the modified scales.
Introduction
Osteoporosis, a public health risk for approximately 34 million Americans (National Osteoporosis Foundation [NOF], 2008) , is a disease where bones lose mass and can deteriorate over time, causing them to weaken and become more susceptible to fractures (NOF, 2008) . The significance of osteoporosis prevention has been widely studied. The importance of obtaining peak bone mass and bone strength early in life may provide the greatest protection against osteoporosis in later life (Lloyd, Petit, Lin, & Beck, 2004) . Risk factors that may increase the possibility of an individual developing osteoporosis include nonmodifiable and modifiable risk factors. Nonmodifiable risk factors include advanced age, female gender, non-Hispanic White race, and family history of osteoporosis or fracture (Robitaille et al., 2008) . Modifiable risk factors include insufficient dietary intake of calcium and vitamin D, an inactive lifestyle, low body weight, alcohol use, and smoking (Robitaille et al., 2008; Dell, Green, Anderson, & Williams, 2009) . Osteoporosis preventive actions can be implemented throughout the lifespan in order to decrease the risk of developing low bone density. These preventative actions should begin as early in life as possible to reduce the risk of developing osteoporosis since peak bone mass (PBM) is attained around age 30 (Heaney et al., 2000) .
Expanded Health Belief Model
The four-stage expanded health belief model (EHBM) reflects the foundation that preventive behaviors (i.e. adequate dietary vitamin D intake) result from the direct and indirect influences of knowledge, attitudes, and self-efficacy (Rosenstock, Strecher, & Becker, 1988) . Bandura (1977) has defined self-efficacy as an individual's belief of his or her capability to implement an action in order to achieve a specified goal. The EHBM suggests that an individual is more likely to carry out an action (e.g., consume adequate vitamin D) if he or she believes they are vulnerable to osteoporosis and if they develop osteoporosis, they could lose independence. Next, the individual might perceive the benefits of taking action as outweighing the barriers or costs. Finally, overall health motivation and self-efficacy may contribute to an individual taking action. The EHBM was used to develop the original Osteoporosis Health Belief Scale (OHBS) and Osteoporosis Self-Efficacy Scale (OSES).
Health beliefs are often related to osteoporosis preventive behaviors such as obtaining adequate dietary calcium (Chang, 2006; Cline & Worley, 2006) . Additionally, osteoporosis self-efficacy may play a role in behavior change such as increasing dietary calcium and vitamin D intake or changing behavior (Tussing & ChapmanNovakofski, 2005; Wallace, 2002) . Osteoporosis health beliefs that also include self-efficacy and their association with vitamin D have not been studied in detail. Beliefs about osteoporosis are often measured using Kim, Horan, Gendler, and Patel's (1991) Osteoporosis Health Belief Scale (OHBS).
Measuring Osteoporosis Health Beliefs and Self-Efficacy
Osteoporosis self-efficacy is commonly assessed using Horan, Kim, Gendler, Froman, and Patel's (1998) Osteoporosis Self-Efficacy Scale (OSES). Similarly to the OHBS, the OSES does not include osteoporosis selfefficacy related vitamin D items and could be revised in order to determine self-efficacy of vitamin D intake, as this is an integral role in preventing osteoporosis.
The original OHBS and OSES have been used with samples of college aged females (Ziccardi, Sedlak, Doheny, 2004) ; older adult males age 65 and older (Sedlak, Doheny, & Estok, 2000) , postmenopausal white females (Sedlak, Doheny, Estok, Zeller, & Winchell, 2007 ) and a sample of college age males and females (Gammage, Francoeur, Mack, & Klentrou, 2009) . Additionally, the original OHBS and OSES have been used to assess health beliefs including self-efficacy among different age cohorts and both genders (Johnson, McLeod, Kennedy, & McLeod, 2008) .
The Current Study
Because of the lack of measures including vitamin D beliefs and self-efficacy, the aim of the current study was to determine construct validity and reliability (internal consistency and test-retest reliability) of an Osteoporosis Health Belief Scale and an Osteoporosis Self-Efficacy Scale modified to include vitamin D related items. The OHBS-D scale was designed to measure health beliefs related to osteoporosis including vitamin D items. Additionally, the OSES-D scale was designed to measure selfefficacy related to osteoporosis with additional vitamin D items. Again, no other scales have been developed to measure vitamin D related health beliefs and self-efficacy associated with osteoporosis in an adult population.
Methods

Study Design
This cross-sectional study was part of a larger study on the influence of educational interventions on osteoporosis preventative behaviors. The study was reviewed and approved by both the College of Saint Benedict/Saint John's University and North Dakota State University's institutional review boards.
Participants were recruited through six sections (approximately 30 students each) of the same introductory nutrition course. While these sections were randomly assigned into three groups (control, treatment group 1, or treatment group 2) for a separate analysis of related to educational interventions, they were analyzed as a total group (n=153) to assess validity of the osteoporosis scales. Only data from the control group (n=51) was used to determine internal consistency and test-retest reliability of the scales to avoid the impact of the educational intervention. This introductory nutrition course was chosen for the current study as the course included and discussed osteoporosis information and prevention.
Participants
Participants (n=153; young adults ages 18-23) were recruited through in class and email announcements. Exclusion criteria included those under the age of 18. The response rate was 84.4%. The sample in this study included 41 males (27%) and 112 females (73%). Compared to the university population, this sample was skewed towards females as the university is comprised of 47% males and 53% females. However, the sample was a representative sample of the students enrolled in the introductory nutrition course (30% male; 70% female).
Measures
The original OHBS and OSES were chosen because they have been shown to be valid and reliable. They have been used in multiple studies that included participants ranging from college-aged students to older adults, and previous studies included both males and females although samples sizes have been relatively small, ranging from 46-201 participants (Chan et al., 2007; Horan et al., 1998; Kim et al., 1991; Mack, Gammage & Klent, 2006; Tussing & Chapman-Novakofski, 2005) . Permission to use and modify the original Osteoporosis Health Belief Scale (OHBS) and the original Osteoporosis SelfEfficacy Scale (OSES) was granted by Dr. Phyllis Gendler at Grand Valley State University.
Original Osteoporosis Health Belief Scale.
The original OHSB is a 42-item instrument which uses a 5-point Likert scale from 'strongly agree' to 'strongly disagree.' The original OHBS includes seven subscales: Susceptibility (items 1-6), Seriousness (items 7-12), BenefitsExercise (items 13-18), Benefits-Calcium (items 19-24), Barriers-Exercise (items 25-30), and Health Motivation (items 37-42). An example question for each subscale is as follows: "You feel your chances of getting osteoporosis in the future are good" (Susceptibility); "If you had osteoporosis, your whole life would change" (Seriousness); "Eating calcium rich foods requires changing your dietary habits which is difficult" (BarriersCalcium); "Eating Calcium rich foods reduces the risks of broken bones" (Benefits-Calcium); "Exercising regularly would mean starting a new habit which is hard for you to do" (Barriers to Exercise); "You feel better when you exercise to prevent osteoporosis" (Benefits to Exercise); and "You frequently do things to improve your health" (Health Motivation).
The original OHBS has been found to be valid and reliable (Kim et al., 1991; Horan et al., 1998) . Construct validity of the original OHBS was established using factor analysis (Kim et al., 1991) which extracted five factors that accounted for 49.3% of the total variance. The original five factors included susceptibility, barriers, benefits, seriousness, and health motivation. However, while the authors identified these original five factors, they also discussed that the factors of benefits and barriers could be split for calcium and exercise resulting in two additional subscales. Therefore, most researchers use seven subscales which include susceptibility, seriousness, health motivation, benefits of calcium, benefits of exercise, barriers of calcium, and barriers of exercise (Chan, Kwong, Zang, & Wan, 2007; Tussing & Chapman-Novakofski, 2005; Cline & Worley, 2006) . The original OHBS Cronbach alphas for the subscales in the original development study ranged from .61-.80, which established an acceptable level of internal consistency reliability (Kim et al., 1991) Subscale reliabilities from additional studies have ranged from .76-.92 (Sedlak et al., 2007; Sedlak et al., 2000) . The original OHBS test-retest reliability for the total instrument was .90 (Kim et al., 1991) indicating that reliability was quite high. Additional studies have found slightly lower but still strong test-retest reliability for the total instrument to be .77-.84 (Sedlak et al., 2007; Sedlak et al., 2000) .
Modification of Osteoporosis Health Belief
Scale -OHBS-D. In the current study, the original OHBS was modified to include two additional subscales. These subscales included: Benefits-Vitamin D (items 43-48) and BarriersVitamin D (items 49-54). The vitamin D questions were modeled after the original scale's calcium questions. The modified scale with vitamin D related content was named OHBS-D. The OHBS-D used a 5-point Likert scale from 'strongly agree' to 'strongly disagree' which was comparable to the original scale. Possible scores for each subscale ranged from 6 to 30 with a low score indicating a low perception and a high score indicating a high perception. Possible total scores ranged from 54-270.
Original Osteoporosis Self-Efficacy Scale.
The original OSES used a 21-item survey consisting of two subscales, an osteoporosis selfefficacy exercise scale and a calcium scale. Kim et al. (1991) originally developed the selfefficacy scale as a line scale from "not at all confident" to "very confident". The subjects were to mark on the line closer to "not at all confident" if they did not feel confident up to "very confident" as their confidence rose. Examples of questions for both the exercise and calcium subscales include: How confident are you that you will "Begin a new or different exercise program."(Exercise) and "Eat calciumrich foods on a regular basis" (Calcium). The possible scores of the scale ranged from 0 for "not at all confident" to 100 for "very confident."
The original OSES was developed by Horan et al. (1998) . Construct validity was established by factor analysis that extracted two factors: calcium and exercise. Criterion related validity was established by examining calcium intake and exercise. The original authors deemed the original OSES valid based on criterion related validity and factor analysis (Horan et al., 1998) . Additionally, the original authors evaluated testretest reliability and found this to be .90 for the overall scale indicating reliability was quite strong (Horan et al., 1998) . Additional studies have agreed with these results, finding the total test-retest reliability for the OSES to be .95 and .96 (Sedlak et al., 2007; Sedlak et al., 2000) . Subscale test-retest reliability was found to be .76-.92 (Sedlak et al., 2007) and .96-.96 (Sedlak et al., 2000) indicating that the OSES is testretest reliable. Additionally, internal consistency estimates were r =.94 for the exercise subscale and r =.93 for the calcium subscale. Modified Osteoporosis Self-Efficacy Scale -OSES-D. In the current study, the original OSES was modified to include an additional subscale of vitamin D related content that included 11 items. The vitamin D questions were modeled after the original scale's calcium items. The modified scale was named OSES-D. The OSES-D was adapted to an online format where participants were asked to mark a spot on the line, thus keeping the line scale. A computergenerated scale was used to score the mark on a 10 cm line. This OSES-D included a total of 32 items and a total maximum score for the OSES-D was 3200.
Procedures and Analysis
The OHBS-D and OSES-D baseline and posttest were administered on-line approximately nine weeks apart. Participants were emailed the survey link and were allowed five days to complete the survey. Participants were offered 15 points (1.8% of total points in the course and prorated for completing the baseline and posttest surveys) for extra credit for completing both the baseline and post-test surveys. Statistical analyses were conducted using SPSS (version 19.0, SPSS, Inc., Chicago, IL, 2010) . Participant demographics were summarized using frequencies and percentages. Chi-square was used to determine whether the participants were equally distributed in regard to demographic characteristics.
Validity.
To determine the validity of the OHBS-D, two steps were taken.
Step one consisted of determining content validity of vitamin D related items for the OHBS-D scale. This was established by identifying the domain of content through a comprehensive review of the literature and input from nursing, nutrition, and human development faculty members.
Step two was to conduct a factor analysis of the OHBS-D in order to validate the original structure with the modified vitamin D items. Exploratory factory analysis was conducted using principle component analysis with varimax rotation. The scree plot and magnitude of the eigenvalues were used to determine the number of factors that could be extracted. In accordance with the original scale development, factor loadings of <0.35 were omitted (Horan et al., 1998) . To determine the validity of the OSES-D, the same two steps for determining the validity of the OHBS-D were used.
Reliability. To determine the reliability of the OHBS-D two analyses were conducted using the control group (n=51).
Step one consisted of calculating Cronbach α as an indicator of internal consistency reliability for the OHBS-D scale. A Cronbach α coefficient of r > .70 was considered adequate internal consistency reliability (Nunnally & Bernstein, 1994) .
Step two consisted of using item-total statistics that were calculated using data from baseline to evaluate the contribution of each item to the total score. An r > .30 was considered an adequate item-total correlation (Nunnally & Bernstein, 1994) .
Step three consisted of determining the intra-class correlation coefficients (ICC) to assess test-retest reliability of the OHBS-D. An ICC of > .70 was considered adequate test-retest reliability (Weir, 2005) . Additionally, an ICC of .60-.79 was considered stable with and ICC > .80 being considered exceptional (March & Sullivan, 1999) . The OSES-D followed the same three steps to determine internal consistency and testretest reliability as was undertaken with the OHBS-D using the control group participants.
Results
Demographics
One hundred fifty-three undergraduate students ages 18-23 participated in the study including 41 males (27%) and 112 females (73%). The majority of the participants were Caucasian (81%) followed by Asian or Pacific Islander (9%), Hispanic/Latino (5%), African American (4%) and American Indian or Alaska Native (1%) Almost all participants were single (98%). Participants mainly lived on campus (59%) and purchased the majority of their food at the campus cafeterias. The remaining participants (41%) lived in campus apartments and purchased the majority of their food from local grocery stores. A majority of the participants exercised (88%) and 31% took some type of dietary supplement. The majority of the sample did not know anyone with osteoporosis (79%), and did not have a relative with osteoporosis (86%). Of those who did have a relative with osteoporosis (14%), 47% said that it was a blood relative.
Validity
Modified Osteoporosis Health Belief Scale-OHBS-D. At baseline, no significant differences were found in the OHBS-D or the OSES-D between participants in the control group and experimental groups. Content validity was established by modeling the addition of vitamin D content after the original calcium content in the scale. In addition, four faculty members were all in agreement of the content of the additional questions added to the scale. Factor analysis was used to evaluate the validity of the original OHBS structure as well as the additional vitamin D items. For factor analysis, the first 13 eigenvalues exceeded 1.0; however, the scree plot showed eight sharp bends and thus eight factors were identified. Eigenvalues of greater than 1.0 may possibly overestimate factors; therefore the scree plot was used for a more accurate factor extraction (Costello & Osborne, 2005) . Eight factors explained 58.2% of the total variance, thus with additional vitamin D content accounted for more of the total variance compared to the original scale. Factors extracted included susceptibility, seriousness, health motivation, benefits to exercise, benefits to calcium and vitamin D, barriers to exercise, barriers to calcium, and barriers to vitamin D. These factors extracted were identical to the original scale with the exceptions of two factors: 1) benefits of calcium and vitamin D and 2) barriers to vitamin D. All items related to a specific concept loaded under the specific subscale except benefits to calcium and benefits to vitamin D were combined. Each item loaded meaningfully on only one factor; and each factor had multiple, significant item loadings. Factor loadings for each item in the subscales are found in Table 1 and ranged from .38-.85. Table 3 indicates the Cronbach α coefficients, item-total correlations, and intraclass correlation coefficients for both the OHBS-D and OSES-D subscales. All pre-set criteria were met for internal consistency and test-retest reliability of the OHBS-D. The overall Cronbach α was r = .82 and subscale Cronbach α's ranged from r = .75-.87. Item-total correlations for each subscale ranged from .36-.78, including the modified vitamin D subscales items (benefits and barriers). Each of the subscales and subsequent items for such subscales contributed to increasing the overall scale internal consistency and therefore were retained. Therefore, the OHBS-D demonstrated internal consistency. The overall ICC for the OHBS-D was .79 and subscales ICCs ranged from .73-.87 indicating that the OHBS-D was test-retest reliable. 
Discussion
The importance of this study and overall findings are that the modified scales (OHBS-D and OSES-D) which included vitamin D items were found to be valid and reliable in young adults. The validity and reliability in the modified scales were comparable to the original scales. The use of such scales is necessary as vitamin D intake is an important aspect of assessing osteoporosis health beliefs and selfefficacy for prevention and previous scales are lacking in the vitamin D related content.
Validity
In the OHBS-D, the addition of benefits of vitamin D subscale loaded on the same factor as benefits of calcium. These factor loadings are logical considering dietary calcium and dietary vitamin D are found in similar foods as well as being related in their mechanisms for bone health. However, barriers to vitamin D loaded on a separate factor. Barriers to obtaining adequate vitamin D may be different compared to barriers to obtaining calcium as vitamin D can be produced by UV light and therefore the latitude at which someone lives may determine vitamin D status (Holick et al., 2011) . Additionally, it may be difficult to obtain adequate dietary vitamin D as natural foods sources of vitamin D are limited (Calvo, Whiting, & Barton, 2004 ). These differences would support the separate factor loading of barriers to vitamin D. The addition of the vitamin D related items also show factor loadings consistent with the original scale.
The factor analysis in the current study also indicated that the original scale exhibits construct validity as shown by the original authors (Kim et al., 1991) . Additionally, the original OHBS was said to have construct validity from the original factor analysis that identified seven potential subscales (Kim et al., 1991) . This also agrees with previous research using confirmatory factor analysis (Chan et al., 2007 
Reliability
The OHBS has previously been studied and testretest reliability for the overall scale was found to be .90, while the overall Cronbach α was .82, indicating strong reliability (Kim et al., 1991) .
The findings from the current study confirm internal consistency and test-retest reliability for the OHBS (Chang, 2003; Piaseu, Belza, & Mitchell, 2001; Johnson et al., 2008) . The addition of vitamin D related items to the OHBS did not change the overall reliability. Moreover, the subscales of benefits to vitamin D and barriers to vitamin D were found to have strong internal consistency as well as contribute to strong test-retest reliability. Previous research has recognized that ICC values that range from .60-.79 show good test-retest reliability and an ICC of greater than .80 is thought to show strong test-retest reliability (March & Sullivan, 1999) . The OHBS-D subscales had ICC ranging .73-.87 and Cronbach α ranging from .75-.87, indicating strong reliability. Thus, the OHBS-D could be used as a reliable measure to assess osteoporosis-related health beliefs that include vitamin D related items.
The original OSES has also been previously studied and found to have a strong internal consistency and test-rest reliability for each of the original subscales (exercise and calcium) (Horan et al., 1998) . Findings from this current research agree with the original authors as well as others (Horan et al., 1998; Piaseu et al., 2001; Ali & Twibell, 1995) . The addition of vitamin D related items to the OSES did not change the overall reliability. Additionally, the subscale of vitamin D was found to have strong internal consistency (Cronbach α = .98) and contribute to strong test-retest reliability (ICC=.97). Therefore, the OSES-D can be a reliable measure to evaluate self-efficacy and osteoporosis-related behaviors that include obtaining adequate vitamin D.
Limitations and Implications
Limitations of the current study include the small sample size (n=153) and use of a convenience sample. Our sample was homogenous with respect to population demographics that limit the generalization to white young adults, ages 18-23. Additionally, the sample comes from mostly middle-upper class families. This did not allow for psychometric analysis of different ethnicities, age groups, education groups,' or other confounding demographic characteristics. In the original development of the OHBS, sample size was 150, and in the development of the OSES, sample size was 201 (Kim et al., 1991; Horan et al., 1998) . Our sample size of 153 was within this range and was larger than some previous scale development studies (Latimer, Walker, Kim, Pasch, & Sterling, 2011; Ogedegbe, Mancuso, Allegrante, & Charlson, 2003) .
Conclusion
The purpose of this study was to determine the reliability and validity of modified osteoporosis health belief and osteoporosis self-efficacy scales. These study findings are important because valid and reliable scales that assess osteoporosis health beliefs and self-efficacy which include vitamin D related items are lacking. The OHBS-D and OSES-D are consistent measurement tools suitable for young adults. The revised items do not add much time to completing the scales and the findings support their validity, internal consistency, and testretest reliability. Further testing of the OHBS-D and OSES-D with larger sample sizes over longer periods of time with diverse populations may be needed to support these findings. The current study's findings support the use of both scales in educational programs as instruments to assess and consistently evaluate health beliefs and self-efficacy related to osteoporosis in young adults.
